The 24-hour urinary output of 3-methoxy-4-hydroxy mandelic acid (V.M.A.) has been determined in 20 normal adults, 150 hypertensive patients, and four cases of phaeochromocytoma. In this last group estimations of urinary catecholamines and total urinary methylated amines were also performed and the overall results have been compared with the urinary excretory pattern of catecholamines and their metabolites following the injection of radioactive adrenaline and noradrenaline.
Since the reporting by Engel and Euler in 1950 of an increased urinary output of noradrenaline and adrenaline in two cases of phaeochromocytoma, an extensive literature has accumulated dealing with the development and assessment of biochemical tests for the diagnosis of this condition.
It is now well established that the principal metabolic products of these two catecholamines in man are the 3-0-methylated amines, normetadrenaline and metadrenaline and their conjugates, and 3-methoxy-4-hydroxy mandelic acid (Axelrod, 1959) . Methods for the quantitative analysis of all these compounds have been developed in recent years, so that at present it is possible to perform any or all of the following investigations on urine:-Group 1, free catecholamines: the urinary excretion of adrenaline and noradrenaline can be individually estimated but the most commonly performed determination is the total excretion of these two compounds; group 2, free plus conjugated catecholamines; group 3, free plus conjugated 3-0-methylated amines, which may be estimated individually or as total excretion as in group 1; group 4, 4-3-methoxy-4-hydroxy mandelic acid (V.M.A. Of the four types of investigation given above those of the catecholamines (groups 1 and 2) are Received for publication 29 May 1963 technically least suitable for routine use and have largely been superseded as a first biochemical investigation by analysis of the metabolites in groups 3 and 4.
For the estimation of total methylated amines a relatively simple method has been described by Pisano (1960) and subsequently evaluated in a series consisting of 91 hypertensive and 30 non-hypertensive patients (Crout, Pisano, and Sjoerdsma, 1961) .
A considerable number of methods for the estimation of V.M.A. in urine have been described. Several modifications of the original paper chromatographic method for phenolic acids by Armstrong, Shaw, and Wall (1956) have appeared but these are all at best only semi-quantitative. Methods involving the use either of high-voltage electrophoresis (von Studnitz and Hanson, 1959) or of isotope dilution (Weise, McDonald, and LaBrosse, 1961) are unsuitable for the hospital routine laboratory because they are expensive and time consuming.
Estimation of V.M.A. by conversion to vanillin was first described by Sandler and Ruthven (1959 a and b; 1961) (Pisano, Crout, and Abraham, 1962 TOTAL METHYLATED AMINES These were measured by the method of Pisano (1960) . Results for the tests were calculated from the final optical density at 360 min of a 30 Fg. normetadrenaline standard taken through the chromatographic and subsequent steps of the analyses. The percentage recovery of this standard was determined each time by comparing its final optical density at 360 my with that of a vanillin standard containing 5 ,ug./ml. in 4 N ammonium hydroxide. The overall recovery of nine standards averaged 92-5 % (S.D. 5-8 %, range 84 to 102 %) after correction for aliquots taken.
CATECHOLAMINES Urinary conjugates were hydrolysed by adjusting to pH 1-1 5 with 6N hydrochloric acid and heating at 100°C. for 20 minutes. The catecholamines were isolated by the method of Bertler, Carlsson, and Rosengren (1958) using Amberlite CG120 cation exchange resin prepared according to the method of Haggendal (1962) . Fluorimetric estimation of noradrenaline and adrenaline was carried out by the method of Euler and Lishajko (1961) COLLECTION OF SPECIMENS Twenty-four-hour urine specimens were collected in Winchester bottles containing 10 ml. concentrated hydrochloric acid and stored at 4°C. before analysis. Vanilla essences and bananas were excluded from the diet of subjects for 48 hours before collection of urines, and during the collection period itself.
Creatinine was determined by the Jaffe reaction (Bonsnes and Taussky, 1945) .
RESULTS
NORMAL ADULTS Twenty members of the laboratory staff acted as controls. They were ambulant at the time of urine collection and the results of their V.M.A. excretion are shown in Table I .
Expressed as mg./24 hr. the mean excretion for the males (5 91 mg.) is 21 % higher than that of the females (4-89 mg.). Expressed as ug./mg. creatinine, however, the mean excretion for the males (3-29 mg.) is 19% lower than that of the females (4-08 mg.). These findings are in agreement with those of Weise et al. (1961) . The corresponding percentages calculated from these workers' data are 26 and 13.
Values for the urine blanks given in Table I are all less than 15%, as found by Pisano et al. (1962) , and the suggestion of these workers that urine blanks may be omitted in routine work is considered justified. We have found that when V.M.A. solutions containing 10-50 ug./ml. in M potassium carbonate are A further specimen of urine was collected from this patient and the V.M.A. content was found to be 5 8 mg./24 hours. The creatinine content of the two specimens was 2-4 g. and 1 41 g. respectively, giving V.M.A. outputs of 4-9 and 4-1 ,ug./mg. creatinine which are both within the normal range for V.M.A. output expressed in terms of creatinine excretion. It was felt that the high V.M.A. output in the first specimen was due to inaccurate collection of urine, the period probably having extended considerably beyond the required 24 hours, as evidenced by the creatinine excretion. The output of total methylated amines in the first urine specimen from this patient was 0-6 mg./24 hr. which is at the upper limit of the normal range. This patient is being followed up but, for the present, he is regarded as a case of essential hypertension.
PHAEOCHROMOCYTOMA Urine specimens were obtained from four patients with proven phaeochromocytoma. The analytical results are given in Table III. For case A, three urine specimens before operation and one started 48 hours post-operatively were obtained. In this one case the tumour was analysed for catecholamines and found to contain 1,580 ,ug. noradrenaline and 130 ,ug. adrenaline/g. of tissue.
Composite results on 10 specimens of urine (three normals and seven from patients with phaeochromocytoma) in which analysis was carried out for total catecholamines, total methylated amines, and for V. M.A. are given in Table IV; results are expressed   TABLE III in mg./24 hrs. Under each analytical result, in brackets, is placed a figure expressing the result as a percentage of the combined excretion of the three groups of compound.
DISCUSSION
The results given in Table III for the total methylated amines and for V.M.A. output in phaeochromocytoma are in agreement with the findings of Crout et al. (1961) who reported that in each of 23 cases studied the increase in total methylated amines relative to the normal exceeded that of the 3-methoxy-4-hydroxy mandelic acid. On this basis the determination of the total methylated amines has been favoured for use as a screening test (Varley, 1962) .
However, there are grounds for considering this an unsatisfactory choice. The low level of excretion of the 3-0-methylated amines in normal urine results in a much greater relative interference by substances absorbing in the ultra-violet around 330 to 340 miy. (1961) for hypertensive patientswithout phaeochromocytoma is nearly three times the figure reported by Smith and Weil-Malherbe (1962) .
Furthermore it has recently been noted that raised values for total methylated amines can be found in patients treated with oc-methyl dopa (Stott, Robinson and Smith, 1963) . By contrast, the method for V.M.A. analysis is much less subject to interference from drugs or dietary substances, and in our experience offers a simple and reliable method for the investigation of hypertensive cases suspected of a possible phaeochromocytoma.
The relative proportions of total catecholamines, total methylated amines, and of V.M.A. excreted in single 24-hr. samples of urine from three normal individuals are compared, in Table IV , with the corresponding findings from four patients with phaeochromocytoma. The observed percentage distribution for these groups of compounds in the normals agrees with the ratios calculated from the combined analytical results of other workers who have separately reported values for the normal urinaryexcretion of catecholamines (Euler, 1956 ), V.M.A. (Armstrong, McMillan, and Shaw, 1957) , and total methylated amines (Pisano, 1960) . Table IV also shows that the release of abnormal amounts of catecholamines into the circulation from the adrenal medulla, which occurs in phaeochromocytoma, has resulted in the appearance of an increased percentage of total catecholamines and of total methylated amines in the urine, whereas the percentage contributed by V.M.A. has fallen. In the normal individuals, for instance, the ratio of V.M.A.: total methylated amines varies from 13 to 31:1, and in the patients with a phaeochromocytoma this ratio varies from 3-3 to 10-3:1.
These findings on the relative importance of total methylated amines and of V.M.A. as urinary excretion products of catecholamine metabolism in patients with phaeochromocytoma differ from the results of experiments in which radioactive catecholamines were injected into adults (Goodall, 1959; LaBrosse, Axelrod, Kopin, and Kety, 1961) . After group.bmj.com on June 21, 2017 -Published by http://jcp.bmj.com/ Downloaded from intravenous administration of 3H or 14C catecholamines, approximately equal amounts of total radioactive 3-0-methylated amines and of radioactive V.M.A. were excreted in the urine. It is hoped to extend the present series of analyses to include further patients with phaeochromocytoma, but the discrepancies between the findings summarized in Table IV and the results of infusing radioactive catecholamines suggest the need for caution in equating the urinary excretion patterns of the metabolites of injected adrenaline and noradrenaline observed in the latter experiments with the pattern of inactivation for endogenous catecholamines released into the circulation, for instance, as a result of suprarenal medullary overactivity. We wish to thank Dr. R. Robinson, Group Pathological Laboratory, Lakin Road, Warwick, for kindly supplying urine specimens from two patients with phaeochromocytoma.
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